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FRPSDUHGWROHDGDQGPHUFXU\DQGWKHVHPDWHULDOVDUHVROLGVWDWHDWURRPWHPSHUDWXUHLQFRPSDULVRQWRFRQYHQWLRQDO
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WKHLUVKLHOGLQJFKDUDFWHUL]DWLRQ7KHDWWHQXDWLRQFRHIILFLHQWLVDQLPSRUWDQWSDUDPHWHUFKDUDFWHUL]LQJWKHSHQHWUDWLRQ
DQGGLIIXVLRQRI*DPPDUD\VLQH[WHQGHGPHGLXP6WXG\GLIIHUHQWSDUDPHWHUVUHODWHGWRWKHSDVVDJHRI*DPPDUD\V
WKURXJKPDWHULDOVDQGJLYHLQIRUPDWLRQRQWKHIUDFWLRQRI*DPPDHQHUJ\VFDWWHUHGRUDEVRUEHG6HYHUDOUHVHDUFKHUV
KDYHFDOFXODWHGDWWHQXDWLRQFRHIILFLHQWVLQGLIIHUHQWPDWHULDOV>@KDYHHYDOXDWHGPDVVDWWHQXDWLRQFRHIILFLHQWVRI
PDWHULDOV LQ WKH HQHUJ\ UDQJH RI .H9 WR 0H9 ,Q WKH SDVW IHZ GHFDGHV WKHUH KDV EHHQ VXEVWDQWLDO JURZWK LQ
PHDVXUHPHQWRIPDVVDWWHQXDWLRQFRHIILFLHQWRI ORZDWRPLFQXPEHUEDVHGELRORJLFDO FRPSRXQGV >@PHDVXUHG
PDVV DWWHQXDWLRQ FRHIILFLHQW RI YDULRXV FRPSRVLWH DQG ELRORJLFDO PDWHULDOV >@ PHDVXUHG PDVV DWWHQXDWLRQ
FRHIILFLHQW RI GLIIHUHQW W\SH RI EXLOGLQJ PDWHULDOV 7KH *DPPD UD\ DWWHQXDWLRQ VWXGLHV LQ ZRRG PDWHULDOV KDYH
UHVHUYHG OLWWOHDWWHQWLRQ LQ WKH OLWHUDWXUH(IIHFWRI JDPPD UDGLDWLRQ LQZRRGPDWHULDOV LV UHSRUWHGE\ >@7KH
PHWKRGRIGHWHUPLQDWLRQRIZRRGGHQVLW\DQGPRLVWXUHFRQWHQWE\JDPPDUD\DWWHQXDWLRQWHFKQLTXHZDVDWWHPSWHG
,Q
VDQGVXEVHTXHQWO\SUHVHQWHGE\>@PRVWRIWKHVHZRUNVLQYROYH&V*DPPDUD\VRXUFHZKLFKKDV
HQHUJ\RINH9DQG$PJDPPDUD\VRXUFHZLWKDORZHQHUJ\RI.H95HFHQWZRUNRQPDVVDWWHQXDWLRQ
FRHIILFLHQWRIZRRGPDWHULDO5L]RELDPVSSLVFDUULHGRXWE\>@,QWKHSUHVHQWVWXG\DQDWWHPSWKDVEHHQPDGHWR
VWXG\WKHWRWDODQGSDUWLDOPDVVDWWHQXDWLRQFRHIILFLHQWVRIZRRGPDWHULDOV7KLVZRUNLVDOVRLQWHQGHGWRVWXG\WKH
UDGLDWLRQ LQWHUDFWLRQV LQ WKHZRRGPDWHULDOV ,Q YLHZRI LPSRUWDQFH DQG DSSOLFDELOLW\ RI WKH VWXG\ RI*DPPD UD\
DWWHQXDWLRQ LQYDULRXVILHOGVZHKDYH WRVWXG\ WKHDEVRUSWLRQSURSHUWLHVRIVRPHZRRGVZKLFKDUHTXLWH UHODWHG WR
PHGLFDOILHOGDQGVKLHOGLQJRIUDGLDWLRQVRXUFHV,QWKHSUHVHQWZRUNWKHPDVVDWWHQXDWLRQFRHIILFLHQWVRIWHQZRRG
PDWHULDOV 3E FRPSRXQGV DQG+J FRPSRXQGV DUH HYDOXDWHG DV D IXQFWLRQ RIZHLJKW IUDFWLRQV LQ WKH HQHUJ\ UDQJH
IURP.H9WR0H9

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WRPHQWRVD:ULJKWLDWLQFWRULD=L]\SKXV[\ORS\UXV7KHFKHPLFDOFRPSRVLWLRQVRIWKHVHZRRGPDWHULDOVDUHFROOHFWHG
IURP9,752ODEV+\GHUDEDG7HODQJDQD,QGLDDUHJLYHQLQWKH7DEOH&KHPLFDOSURSHUWLHVDUHFKDUDFWHUL]HGE\
WKHSUHVHQFHRIPDMRUHOHPHQWVVXFKDV&+21DQG6SK\VLFDOSURSHUWLHVOLNHZDWHUKROGLQJFDSDFLW\ZHWQHVV
SDUWLFOH GHQVLW\ RI ZRRG PDWHULDOV DQG PLFURHOHPHQWV VXFK DV =Q &X )H DQG 0Q 7KH SDUWLDO DWWHQXDWLRQ
FRHIILFLHQWV SKRWRHOHFWULF DEVRUSWLRQ &RPSWRQ VFDWWHULQJ DQG SDLU SURGXFWLRQ DQG WRWDO PDVV DWWHQXDWLRQ
FRHIILFLHQWVRIZRRGPDWHULDODUHFRPSXWHGXVLQJ;&20SURJUDP%HUJHUDQG+XEEHOO>@EDVHGRQWKHFKHPLFDO
FRPSRVLWLRQSUHVHQWLQZRRGPDWHULDOV

5HVXOWVDQG'LVFXVVLRQ
9DULDWLRQRI WRWDO DQGSDUWLDOPDVV DWWHQXDWLRQ FRHIILFLHQW DJDLQVW SKRWRQ HQHUJ\ DUHSORWWHG DQGGLVFXVVHGRQ WKH
EDVLVRIWKHLUFKHPLFDOFRPSRVLWLRQ7KHYDOXHVREWDLQHGIRUZRRGVDPSOHVDUHFRPSDUHGZLWKWKHPDWHULDOVKDYLQJ
6KLHOGLQJEHKDYLRU 3EFRPSRXQGVDQG+J7KHUH LVD VLJQLILFDQW YDULDWLRQ LQDOO WKH VDPSOHV9DULDWLRQRI WRWDO
PDVVDWWHQXDWLRQFRHIILFLHQWWRWDOZLWKHQHUJ\LVVKRZQLQ)LJIRUWKHFKRVHQZRRGPDWHULDOV,WFDQEHREVHUYHG
IURP)LJWKDWWRWDORIZRRGPDWHULDOVGHFUHDVHVVKDUSO\UHPDLQVFRQVWDQWDQGWKHQLQFUHDVHVDVHQHUJ\LQFUHDVHV
7KLVLVGXHWRWKHFKHPLFDOFRPSRVLWLRQGHSHQGHQFH=GHSHQGHQFHLQZRRGPDWHULDOVIRUSDUWLFXODUHQHUJ\UHJLRQV
7KHUHLVQHJOLJLEOHYDULDWLRQLQWRWDO IURP.H9WR.H9HQHUJ\UDQJHDQGLW LVIRXQGWRZDUGVEHORZ.H9
DQGDERYH.H9YDULDWLRQVDUHWKRXJKWWREHGRQHGXHWRFKHPLFDOFRPSRVLWLRQSUHVHQWLQZRRGPDWHULDOV)LJ
VKRZVWKHYDULDWLRQRISKRWRIRUGLIIHUHQWZRRGPDWHULDOVDQG3EFRPSRXQGV)LJLQGLFDWHVWKDWSKRWRYDULHVZLWK
FKHPLFDO FRPSRVLWLRQ DV SKRWRHOHFWULF DEVRUSWLRQ SURFHVV LV =GHSHQGHQW ,Q ORZ HQHUJ\ UHJLRQ SKRWRHOHFWULF
DEVRUSWLRQLVGRPLQDQWDQGLWH[SODLQVWKHEHKDYLRURIWRWDOLQORZHQHUJ\UHJLRQLHEHORZ.H9)LJSUHVHQWV
YDULDWLRQRI&RPSZLWKHQHUJ\IRUGLIIHUHQWZRRGDQG3EFRPSRXQGVDQGLQGLFDWHVWKDWWKHUHLVQHJOLJLEOH
YDULDWLRQRI&RPSDWDOOHQHUJLHV,QWKHPHGLXPHQHUJ\UHJLRQWKH&RPSWRQLQWHUDFWLRQSURFHVVLV

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)LJLQWKHKLJKHQHUJ\UHJLRQDERYH0H9+HQFHWKHUHLVDSSUHFLDEOHYDULDWLRQLQYDOXHRIWRWDOLQKLJKHQHUJ\
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)LJ9DULDWLRQRIPDVVDWWHQXDWLRQFRHIILFLHQWZLWKHQHUJ\)LJ9DULDWLRQRI3KRWRHOHFWULFHIIHFWZLWKHQHUJ\ 
  )LJ9DULDWLRQRI&RPSWRQVFDWWHULQJZLWKHQHUJ\ )LJ9DULDWLRQRI3DLUSURGXFWLRQVFDWWHULQJZLWKHQHUJ\

&RQFOXVLRQV
,WLVFRQFOXGHGWKDWWKHUHLVDVLJQLILFDQWYDULDWLRQLQWRWDOPDVVDWWHQXDWLRQFRHIILFLHQW,WYDULHVLQORZHQHUJ\DQG
KLJKHQHUJ\UHJLRQVZKHUHDVWKHUHLVQRFKDQJHLQWKHPHGLXPHQHUJ\UHJLRQIURPNH9WR0H9IRUWKHZRRG
PDWHULDOVDVFRPSDUGZLWKWKHVKLHOGLQJPDWHULDOV3EFRPSRXQGV,QWKHPHGLXPHQHUJ\UHJLRQWKHYDOXHRIWRWDO
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